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(54) DEHYDRATION PROCESS 



71 ) We, COMPAGNEE FRAiNCAISE 
RAFFINAGE, a French Body Corporate 
of 5, rue Michel Ange-75116 Paris, France, 
do hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
tfee method by which It is to be performed, to 
be particularly described in and by the follow- 
mg statement. 
ITie present invention relates to a process 
10 for the dehydration of organic compounds. 
More particularly, it relates to a process for the 
dehydration of vicinal diols and/or olefinic 
alcohols. 

"~Tft description wtecn follows dea^'mnre 

15 particularly, with the application of certain 
catalysts to the dehydration of metnyl-2,3- 
butanediol because of the importance which it 
has assumed. As is known, the dehydration of 
methyl-2 j 3 -bi >ra n net i ol leads to isoprene, a 

20 monomer that is very much in demand for the 
manufacture of both synthetic rubbers and a 
wide range of 4£gh polymers. However, this 
particular application should not be construed 
as a limitaton of the invention, which may be 

25 applied to other compounds as well— for ex- 
ample, to the dehydration of 2,3 -butanediol to 
give butadiene. 

The usual dehydration catalysts, such as 
thoria or alumina, cannot be used in the de- 

30 hydration of methyi-23-butanediol or of 
vicinal diols generally. They result in excessive 
amounts of by-products such as methyl iso- 
propyl ketone and trimctbyl acttalrichyde or, 
more generally, carbonyl compounds. On the 

35 other hand, the application of fitirium ortho- 
phosphate, Li«P04, which is known to be a 
catalyst for the isomrri ration and dehydration 
of 2-rncthyiepoxy-2,3-butane to isoprene, in the 
dehydration of methyl-2,3 -butanediol gives 

40 only a low isoprene yield when the lithium 
phosphate is prepared without special pre- 
cautions. 

In our Patent Specification No. 1,355,705 
there is described and cfaimrd a method of 
45 preparing a dehydration catalyst comprising at 
least one neutral pyrophosphate of at least one 



mem! selected from lithium, sodium, strontium 
and barium, which method comprises mining 
at least one neutral pyrophosphate of ex least 
one metal selected from kthium, soflmm, 50 
strontium and barium with ax least one acid 
orthophosphate of at least one meral selected 
from lithium, sodium, strontium and barium, 
forming an exaudate from the resulting mix- 
ture and thereafter drying and calcining the ex- 55 
oudfise in air in order to convert the add 
orthophosphate into neutral pyrophosphate. 

Our Patent Specification No. 1355,704 de- 
scribes and claims a process for dehydrating a 
diol to provide a dzokfin and/or an olefinsc- 60 
ally unsaturated alcohol, winch process com- 
prises contacting the diol under c^ydraxing 
reaction conditions, wth a dehydration catalyst 
which comprises at least one neutral pyrophos- 
phate of at least one metal selected from Ihh- 65 
turn, sodium, strontium and barium. 

These catalyses have proved particularly 
effective and worthwhile in the dehydration of 
metal-2,3 -butanecuol to isoprene and/or to ole- 
finic alcohols, which are intermediate products 70 
in the dehydration of methyl-2,3 -butanediol to 
isoprene. 

An object of the present invention is to pro- 
vide a dehydration process, particularly for 
vicinal diols, using a catalyst which is as selec- 75 
rive and as active as the catalysts mentioned 
above, and preferably using less expensive start- 
ing materials. 

In pursuing their investigations, the appli- 
cants have found that solids based on calcium 80 
pyrophosphate also make very good catalysts 
for dehydration, especially of diols to dienes, 
specifically including vicinal diols. 

According co che present invention there is 
provided a process for the catalytic dehydra- 85 
tion of vicinal diols and/or olefinic alcohols to 
di olefins and/or olefinic alcohols which process 
comprises carrying out the dehydration in the 
presence of a catalyst consisting of calcium 
pyrophosphate alone or a catalyst composition 90 
comprsing (i) calcium pyrophosphate, and (ii) 
at least one pyrophosphate, whether mixed or 
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not, of at least one of lithium, scdium, stront- 
ium and barium, and/or ax least one neutral 
orthophosphate, wether mixed or not^ or at least 
one of lithium, sodium, strontium, barium and 
5 calcium. 

The applicants have found that these cal- 
cium-based catalysts are as advantageous as 
the catalysis discovered earlier. A further 
advantage is that me calcium-based compounds 
10 — for example, calcium chloride, CaCl, — 
necessary for the manufacture of the catalyst 
are cheaper than limium-based coropounds, for 
example, and this translates into a substantial 
cost saving. 

15 The applicants have found, moreover, that 
calcium-based catalysts exhibit better therm a 1 
stability than the catalysts used up to now. 
When used alone, calcium pyrophosphate has 
a melting point of about 1300° C When used 

20 in admixture with another pyrophosphate, the 
catalysts obtained will not undergo a deleteri- 
ous thermal change until an elevated tempera- 
ture is reached. For example, when a calcium 
pyrophosphate is used in admixture with 

25 sodium pyrophosphate prepared from sodium 
acid orthophosphate, the catalytic mass 
obtained will not undergo a thermal change up 
to 780° C, which is ajpproximatdy die melt- 
ing temperature of sodium pyrophosphate. In 

30 the course of their work, the applicants have 
further found that the thermal degradation 
which occurs manifests itself in a frittering of 
the catalyst, and this shortens its service cycle. 
Moreover, since these catalysts are employed 

35 mainly in the dehydration of diols to dioleiins, 
the diolcfins produced may polymerize on the 
catalyst. It follows that to regenerate the 
catalyst the latter has to be brought to an ele- 
vated temperature to bum off the polymers 

40 deposited on its surface, which quite often 
have already been converted to coke. A catalyst 
based on calcium pyrophosphate therefore 
undergoes less alteration during regeneration 
man other catalysts since the temperature at 

45 which it begins to sustain a thermal chance is 
higher than that at which other catalysts under- 
go alteration. 

However, when used alone, calcium pyro- 
phosphate has rather mediocre mechanical pro- 

50 perries for a catalyst. It is therefore preferable 
to mix it with a pyrophosphate, whether mixed 
or not, of at least one of the metals of the 
group consisting of lithium, sodium, strontium 
and barium, obtained from the corresponding 

55 acid orthophosphate. For example, the rniriimi 
pyrophosphate may be mixed with sodium 
acid orthophosphate, which then is converted 
to neutral pyrophosphate. 
Several processes for the preparation of 

60 calcium pyrophosphate are known. One of these 
is the so-called •'dry" route whereby the pyro- 
phosphate is obtained by calcination of mix- 
tures of salts of calcium, such as me oxide, 
CaO, the hydroxide, Ca(OH 3 )j the carbonate, 

65 CaCO„ and so forth, and of phosphoric acid 



ammonium phosphate, phosphoric acid, etc), 
for example, the applicants have run tests with 
gmmrmiirm phosphate fl n ^ calcium carbonate. 

Another of these processes might be called 
the "wet" route. Calcium pyrophosphate being 70 
insoluble in water, it may be precipitated by 
double decomposition between a solution of 
calcium salt and a solution of a pyrophosphate. 
The starting materials may be an inorganic or 
organic calcium salt, for example, the chloride 75 
or the acetate of calcium, and sodium pyro- 
phosphate, Na^PtO, . lOHaO; calcium pyro- 
phosphate, Ca 2 P,O r thus being predpitated. 

Lastly, still another possible route is the 
calcination of the phosphate CaHPO*, which 80 
may be preceded by the precipitation of the 
dicaicium orthophosphate. 

However, the applicants have found' in the 
course of their tests that the calcium pyrophos- 
phate produced by the "dry" route is a- com- 85 
pacL scarcely divided, often heterogenous 
solid. The porosity therefore is low, which is 
detrimental for a dehydration catalyst Hie 
other two methods, on the other band, yield 
solids which hold promise for the manufacture 90 
of catalysts. 

To improve the mcdiflnical properties of the 
catalyst, the applicants prefer to employ the 
process of preparation described in what 
follows. The process consists in mixing calcium 95 
pyrophosphate, prepared either by the "wet" 
route or by calcination of dicaicium ortho- 
phosphate, with disodium acid orthophosphate, 
for example j extruding or pelletizing the mix- 
ture so obtained; drying it at about 100 or 100 
120° G; and calcining it so as to convert the 
acid orthophosphate to pyrophosphate. To 
facilitate the mixing of the powders, water 
(from 0 to 150% of the total weight of die 
powders) may be added. Of course, if one~bf 105 
the powders is sufficiently moist, there will be 
no need to add water during mixing. How- 
ever, water must be added if the powders are 
dry. In fact, a paste must be obtained which 
thin is dried, ground, screened and peJletized 110 
The catalyst so produced has good mechanical 
properties in addition to good catalytic pro- 
perties. Good catalysts are obtained also by 
mixing or coprccipitating calcium pyrophos- 
phate, and possibly at least one neutral ortho- 1 15 
phosphate of at least one metal from the group 
consisting of lithium, sodium, strontium, 
barium and calcium, with at least one pyro- 
phosphate, whether mixed or not, of at least 
one metal from the group consisting of lithium, 120 
sodium, strontium and barium. The neutral 
orthophosphate acts as a bonding agent which 
improves the mechanical properties of the 
catalysts, and particularly its resistance to 
crushing, without affecting its original 1 25 
catalytc properties. 

In all of the mixtures referred to above, the 
calcium pyrophosphate is preferably present in 
a proportion of from 40 to 80 wx. 
The catalytic dehydration of diols, whether 130 
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vicinal or not, my be effected either in the 
liquid state or in the vapor state. However, it 
is preferably carried out in the vapor phase and 
at a temperature comprised between 250 and 

5 600° C, and preferably between 300 and 
500° C, and a space vetodiv per hour 
(v/v/hr) — which specifies the volume of dial, 
measured in die liquid scats, passing over a 
um't volume of catalyst in one hour--generaHy 

10 comprising between 0.1 and 5, and preferably 
between 0.5 and 2.5 v/v/hr. 

Hie diol may be pure or diluted in an inert 
gas such as nitrogen, or mixed with ofcfinic 
alcohols. The dehydration of the ddol directly 

1 5 to diene is carried out with production of inter- 
mediates such as the aforesaid olefinfc alcohols, 
which essentially are )9-olefimc alcfaols. For ex- 
ample, in me dehydration of metirvl-2,3- 
bu&mediol, 2-methyi-l -^utene-3 -ci is rormed 

20 which may readily be recycled in the dehydra- 
tion reactor, since die catalysts used in the 
process in accordance with the invention wall 
dehydrate said olefinic alcohols just as effec- 
tively to dienes. 

25 A catalyst used in the process in accordance 
with the invention may be employed industri- 
ally in one or more dehydration reactors in the 
manner which is weH known in the field of 
catalytic reactions. However, me catalyst is pre- 

30 f erably used in a fixed bed. 

The examples which follow are in no wise 



limitative. They relate to the preparation of the 
catalysts and their application to the dehydra- 
tion of a rfroi to diene. 

EXAMPLE I. 35 

This example relates to the preparation of 
pure calcium pyrophosphate, 200 cc of a solu- 
tion conmimng 31.6 g of (CH s OOO)*Ca is 
poured into a solution of 100 cc of 
Na^P.O, . lOH,0 containing 44.7 g of that 40 
salt The solutions are hot A predicate of 
calcium pyrophosphate is obtained which is 
filtered, washed, and dried at 110° C 

The precipuue is calcined in two portions. 
One portion is calcined at 500° C. for 2 hours 45 
while the other portions is cafrinrri at 725° C, 
ate for 2 hours. 

Conventional macroporosity and apparent- 
density measurements are men made on the 
two portions of catalyse The results thereof are 50 
presented in Table I below. 

The catalytic tests are carried out as follows: 
Methyl-2,3 -butanediol carried by a nStrogen 
stream is passed over 4.5 cc of catalyst at 
1 v/v/far. 55 

The results of the catalytic tests are also pre- 
sented in Tame I. It should be noted mat the 
calcium pyrophosphate here used is in the form 
of a powder which has good activity and good 
selectivity but would be difeuit to use on an 60 
industrial scale. 
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CATALYTIC TEST 
1 v/v/hr 


Test 
temp. 


Conversion 


Isoprenc 


Olefinic 
alcohols 


Carbonyl 
compounds 


Misc. 


Selectivity 


3 50°C 


77.7 


16.4 


68.4 


12.6 


3.1 


85.5 


400°C 


100 


79.2 


2.6 


15.0 


3.3 


81.8 


450°C 


100 


81.1 


0.1 


15.8 


3.0 


81.2 



It is apparent from this table that catalysts 
containing calcium pyrophosphate and sodium 
pyrophosphate are good dehydration catalysts. 
5 Above 400° C, the mole percentage of iso- 
prexxe is substantial, being nearly 80% in rela- 
tion to die dial converted (and hence to the 
diol entering, as conversion is 100%). 

EXAMPLE III. 

10 In this example, two hot solutions (about 
90° C.) are used as •starting materials, one of 
446 grams/liter of the pyrophosphate 
Na A P,O r . 10H s O (a molar solution), the other 
of 22 grams/liter of rafcinm cMoride. (hence 

15 a 2x molar solution), both in cfistiHeri water. 
The latter solution is poured into me former 
with agitation. It is found that caTrihtm pyro- 
phosphate precipitates in accordance with the 
reaction. 

20 2CaCl» + Na 4 P t O r ^Qa J P lt 0 1t +4Naa 

3, 

The precipitate obtained is filtered and 
washed with 5 liters of distilled water and 
then dried at about 110° C 302.3 grams of a 
solid having the approximate formula 
25 Ca,P»O r . 3H,0 is obtained. 

298.7 g of this precipitate and 128 g of di- 
sodium acid orthophospnate, 

Na.HPO, . 10H.O, 

are mixed in a weight ratio of 70:30% with 
30 the addition of 395 cc of water so as to facih- 
tate mixing in the form of a paste. The paste 
is dried at 1 10° C, followed by grinding and 
screening so as to retain only particles of a size 
comprised between 0J and 1 mm. The 

' 35 catmyst so obtained has a macroporosity of 
1.177 cc/g and an apparent density of 
0.37 g/cc. In this operation, the fine particles 
may be recovered with water, redricd and re- 
ground. r 

' 40 A catalytic test is performed in accordance 
with example 1 or 2 at 400° C, metbyi-2^- 
butanediol being passed over the catalyst at 
1 v/v/hr. Conversion of the diol is 98.1%. 
The molar distribution in the converted fxac- 
45 don is as follows: 



Isoprene 5<1.4% 

Olefinic alcohols 283% 

Carbonyl compounds 16.6% 

Miscellaneous 3,7% 

The selectivity is 80 .2%. 



Diol conversion 



98.8% 



Isoprene 532% 

Olefinic alcohols 28.5% 

Carbonyl compounds 133% 

MisceUeneous 4.9% 

The selectivity is 82.5% 



50 



EXAMPLE IV. 
The procedure used in Example III is fol- 
lowed in preparing the catalyst, except max 
here potassium pyrophosphate is used to pre- 
cipitate the cafcium salt: 55 

K«P,O f + ZGiClr-^aPA. + 4KQ 

Two cold solutions, one containing 33 g of 
potassum pyrophosphate per 100 oc of disSkd 
water, the other remaining 222 g of calchim 
chloride per 100 cc of distilled water, are 
mixed. Calcium pyrophosphate is thus pre- 
cipitated, and the precipitate is filtered and 
washed with 500 cc of water and &en dried 
atlOO^C _ ^_ 

" 12 g of the dnecT precipitate is then mixed 
with 8 g of disodSum acid orthophospnate 
(weight ratio, 60:40%) with me add&tSon of 
25 cc of water. The paste obtained, dried at 
about 120° C, is ground and screened to 
separate the particles between 0.5 and 1 mm. 
The particles separated by screening are then 
calcined at 500° C for 2 hours. 

The catalyst so obtained has a macro* 
porosity of 0.698 cc/g and an apparent density 
of 0.51 g/cc 

A catalytic test comparable in all respectB 
to that of Example II is then made. The re- 
sults are as follows: 



60 



65 



70 



75 



Product distribution (mole percentages) in 80 
the converted fraction: 



85 
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In this example, potassium pyrophosphate 
was used in the preparation of the catalyst 
This pyrophosphate offers the advantage of 
being far more readily sofrifrV than sodium 
pyrophosphate, whose solubility in water is not 
pronounced below 80° C The caViiim pyho- 
phosphate may therefore be predprtated cold. 

EXAMPLE V. 

Calcium pyrophosphate is prepared in the 
same manner as in Example HI. However, 
the weight ratio of the calcium pyrophosphate 
and the disodrum acid orthophosphaxe used in 
the preparation of me catalyst is 50:50%. 

The catalytic mass obtained after drying is 



two mechanical treatments, 15 



subjected to 
namely: 

Hie first portion is pelletized hi admixture 
with 5% of didecyl adiphate and 5% of 
naphthalene, used as lubricants. The pellets are 
calcined in a nitrogen stream at 500° C The 
catalyst so produced has a macroporosity of 
0.266 oc/g and an apparent denary of 
0.99 g/cc 

The second portion is ground and screened 
to give granules of a size comprised between 
0 J and 1 mm and is then calcined in a nitrogen 
stream at 500° C The catalyst so produced 
has a macroporosity of 0344 cc/g and an 
apparent density of 0.78 g/cc. 



20 
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TABLE Ul 



35 



40 



45 



50 



55 



60 





CATALYTIC TEST 
400°C - 1 v.'v/hr 


Catalyst 


Con» 
vers ion 


Isoprene 


Ole Ernie 
alcohols 


Carbonyl 
compounds 


Misc. 


Selectivity 


Pelletized 


100 


81.8 


0.9 


14.7 


2.7 


82.7 


'Granulated 


95.3 


40.5 


41.2 


14.3 


3.9 


82.5 



EXAMPLE VI. 

In this example, rnirfmn pyrophosphate is 
prepared by calcination of dicalcium ortho- 
phosphate, CaHPO«. 

First CaHP0 4 is prepared by precipitation. 
To an 0.1 N acid solution of calcium chloride, 
a solution of diammonium phosphate is gradu- 
ally added, the operation being performed cold. 
This preparation is described in "Nouveau 
Traite de Oifmie Minerale" by P. Pascal, on 
page 462 of volume IV. "Hie precipitate 
obtained, which is washed with water and dried 
at 110° C, is identified by its powder pattern. 
It is dicalcium orthophosphate, 

CaHPO, . 2H.O. 

50.9 g of this precipitate is mixed with 
39.4 g of Na,HP0 4 . IOHsO with the addition 
of 120 ml of water. (Weight ratio, 
56.3:43.7%). The paste obtained is dried at 
about 120° C, ground, and screened to give 
a particle size between 0J and 1 mm. This 
is followed by calcination for 2 hours at 
5O0° C, which converts the orthophosphate 
CaHP0 4 .2H,0 to calcium pyrophosphate 
and the phosphate Na 3 HP0 4 . 10H s O to 
sodium pyrophosphate. 

A test is then run which is identical to those 
of Example V. The results obtained are as 
follows: 



Diol conversion 
Molar distribution: 
Isoprene 



99.1% 
78.8% 



Olefinic alcohols 3.9% 
Carbonyl compounds 15.1% 
Miscellaneous 1.6% 55 

The selectivity is 83.3%. 

Thus the catalyst so prepared is a very good 
catalyst for the dehydration of diois and 
olefink alcohols to dienes. 

EXAMPLE VIL 70 
In this example, calcium pyrophosphate is 
prepared by calcination of dicalcium ortho- 
phosphate, CaHP0 4 , obtained by precipitation 
from a mixture of calcium chloride and di- 
ammonium phosphate by the method described 75 
in Example VI. The dicalcium orthophosphate 
predpiate is dried at 110° C : _ _ 

A portion of the precipitate is calcined at 
500° C for 2 hours for the purpose of analysts. 
It is found that the weight per cent of the 80 
calcium (32.5, as determined by atomic 
absorption J and of the phosphorus (237, as 
determinea by x-ray fluorescence) correspond 
to an atomic ratio of calcium to phosphorus of 
1.06, which confirms that during calcination 55 
dicalcium phosphate, CaHPO*, readily con- 
verts to pyrophosphate, Ca a P*0 T . 

Another portion of the dried precipitate is 
miT-rA with disodium orthophosphate in a 
weight ratio of 50:50%. The paste obtained is 90 
ground and screened so as to retain for the 
catalytic test only particles of a size between 
0J and 1 mm. These particles are calcined at 
500° C for 2 hours. The catalyst ultimately 
obtained has a macroporosity of 1.313 cc/g 95 
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and an apparent density of 036 g/fcc A 
catalytic test is then run wrm methyl-2,3- 
bumnediol as in the preceding examples (at 
35X)° C and 1 v/v/hr). Conversion of tne 
5 did as 84.6%. 

The molar distribution in the co n v er ted 
fraction is as follows: 

Isoprene 42.7% 

Olftfimc alcohols 41.9% 

10 Carbonyl compounds 12.7% 

Miscellaneous 2.6% 

EXAMPLE VTII. 
Described in this example Is the use of a 
catalyst prepared from the following mixture: 

15 25 wt. % of calcium pyrophosphate, Ca*P t O T 
25 wt. % of mixed pyrophosphate, La,NaP t O f 
50 wt % of add ormophosphate, 
Na 1 HP0 4 .OH 1 0 

This mixture is prepared in the form of a 
20 paste which is treated to give catalyst granules 
that are dried ovenn gla at 75° C end calcined 
for 2 hours at 400° C. The catalyst so 
obtained has a macroporosity of 1.089 cc/g 
and an apparent density of 0,365 g/bc. 
25 Methyl'23-butanedioi is then dehydrated 
over this catalyst at 350° C and 1 v/v/hi by 
the procedure described in the preceding ex- 
amples. Diol conversion is 36.9%. The molar 
distribution in the converted fraction is as 
30 follows: 

Isoprene 10.2% 
Olefimc alcohols 73.8% 
Carbon yl compounds 13.6% 
Miscellaneous 2-4% 

35 The selectivity (84%) is good. Conversion, 
on the other hand, is low but can readily be 
increased by reducing the space velocity per 
hour or by raising the test temperature, and 
this does not constitute a liamcation of the 

40 catalyst so prepared. It is also seen that the 
mole percentage of olehnic alcohols is high, but 
this is not a drawback as they can be recycled 
over the cacalystj which then will dehydrate 
them to isoprene. 

45 EXAMPLE IX. 

This example relates to the simultaneous 
preparation of calcium pyrophosphate and tri- 
caidum orthophosphatc. A mixture of caldum 
chloride (J mole) and disodium add ormo- 

50 phosphate, Na,HPOj . 10H,0 (1 mole), is the 
starting material. The procedure used in the 
preceding examples is followed. (A solution 
containing J mole of CaQ, and a soluton con- 
taining 1 mole of Na,HPO« . 10H.O are 

55 mixed) In this way, a solid is jpredpitated 
which is dried overnight at 75° C. and then 
calcined for 2 hours at 400° C 

An analysis made of the dried precipitate 
(by atomic absorption in the case of the cal- 



dum and by x-ray fluorescence for the phos- 
phorus) gives 32.1 wl % of caMum and 
18.5 wt % of phosphorus. The atomic ratio 
of Ca/P thus is 1 35, which places it between 
that of pyrophosphate (for whfch this ratio 
is 1) and (hat of cricakxuxn phosphate, 
Ca*(P0 4 ), (for which the ratio is 1.5). The 
x-ray diagram of me solid shows that these 
two constituents are present in the solid 
obtained by calcination, which gives good re- 
sides in the dehydration of 2-mfimyl-2 > 3- 
butanedaol, carried out as in the preceding ex- 
amples (at 350° C and 1 v/v/hr). Conver- 
sion of the diol is 100%, and the molar dis- 
tribution in the converted fraction is as 
follows: 

Isoprene 69.7% 
Olefinic alcohols 0% 
Carbonyl compounds 29.7% 
Miscdleneous 0j6% 

Hie catalyst prepared and used in this test 
has a macroporosity of 1.46 cc/g and an appar- 
ent density of 0315 g/cc. 

Another test run with a catalyst prepared 
from 0.8 mole of csddum chloride and 1 mole 
of disodium onhophosphate under the same 
conditions as the one above, and which upon 
analysis was found to contain 37% of calcium 
and 20.6% of phosphorus, which corresponds 
to an atomic ratio of Ca/P of 139, gave the 
fofiowing results: 

Drat conversion 100% 
Molar distribution: 

Isoprene 69.7% 

Okfink alcohols 153% 

Carbonyl conmounds 13 J % 

Miscellaneous 1.5% 

The catalyst used in this test has a macro- 
porosity of 0.812 cc/g and an apparent den- 
sity of 0.455 g/cc 

Thus the above two catalysts, formed of 
calcium pyrophosphate and tricaMum ortho- 
phosphate, are equally good catalysts for the 
dehydration of dials to ctienes and/or olehnic 
alcohols. 

EXAMPLE X. 

This example relates to & dehydration test 
on 2-metfayl-23-butanediol with a magnesium 
pyrophosphate as catalyst. 

More precisely, this test is intended to show 
diet not every alkaline-earth metal is suited 
for dehydration of a vicinal diol and/or of 
olehnic alcohols to diolefins and/or olefinic 
alcohols. 

Two identical tests are run in parallel over 
5 cc each of catalyst, one a caldum pyrophos- 
phate catalyst, the other a magnesium pyro- 
phosphate catalyst. The methyl butanedioJ is 
introduced over the catalysts in the presence 
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1,489,832 

of nitrogen (in a ratio of J diol to } nitrogen) liquid state). The test duration is 1 hour. The 
at 400° C and 1 v/v/hr (measured in the results are summarized in Table IV. 

TABLE IV 



Catalyst used 


Selectivity r < 


Activity 
mole'g hi* 


Calcium pyrophosphate 
Magnesium pyrophosphate 


85.3 
34.1 


0.0644 
0.0159 



*) The activity is measured in moles of diol dehydrated 
per gram of catalyst per hour. 



These results show that a magnesium-base 
catalyst is not a good catalyst for dehydration 
of vincinal dials. In fact, it will facilitate iso- 
merization reactions, which is not conducive to 
10 good selectivity for diolefins as it leads to pro- 
duction of carbonvl compounds. 

For the dehydration of vicinal dials it is 
important that the catalyst not be acidic 

WHAT WE CLAIM IS:— 

15 1. A process for the catalytic dehydration 
of vicinal diols and/or olefin ic alcohols to di- 
olefins and/or olefinic alcohols which process 
comprises carrying out the dehydration in the 
presence of a catalyst consisting of calcium 

20 pyrophosphate alone or a catalyst composition 
comprising (i) calcium pyrophosphate, and 
(ii) at least one pyrophosphate, whether mixed 
or not, of at least one of lithium, sodium, 
strontium and barium, and/or at least one 

25 neutral orthophosphate, whether mixed or not, 
of at least one of lithium, sodium, strontium, 
barium and calcium. 

2. A process as claimed in daim 1 wherein 
the catalyst composition comprises from 40 to 

30 80% by weight of calcium pyrophosphate. 

3. A process as claimed in claim 1 or claim 
2 wherein the catalyst composition comprises 
about 60% by weight of calcium pyrophosphate 
and about 40% by weight of sodium pyro- 

35 phosphate. 

4. A process as claimed in any one of claims 
1 to 3 wherein the catalyst or catalyst com- 
position has a macroporosity of at' least 
0.266 cc/g. 



5. A process as claimed in any one of the 40 
preceding daims wherein the caldum pyro- 
phosphate contained in the catalyst or catalyst 
composition is in the form of parades having 

a size range of from 0 5 to 1 mm, said catalyst 
having been prepared by a wet process. 45 

6. A process as claimed in any one of the 
preceding claims for the catalytic dehydration 
of methyi-2, 3 -butane- diol to isoprene, com- 
prising passing the diol in the vapor phase, 
whether diluted in an inert gas or not, over 50 
ra)riim pyrophosphate or the catalyst com- 
position at a space vdodty per hour, measured 

in the liquid state, of from 0.1 to 5, at a tem- 
perature of from 250 to 600° C 

7. A process as clarmftl in daim 6 wherein 55 
me space vdodty per hour is from 0.2 to 2J. 

8. A process as claimed in daim 6 or claim 
7 wherein the temperature is from 300 to 
500° C 

9. A dehydration process as daimed in any 60 
one of claims 6 to 8 wherein any olefinic alco- 
hols produced along with the isoprene are re- 
cyded and dehydrated to isoprene. 

10. A process as claimed in claim 1 and 
substantially as hereinbefore described in any 65 
one of the specific Examples. 

11. Diolefins whenever produced by a pro- 
cess as daimed in any one of claims 1 to 10. 

12. Olefinic alcohols whenever produced by 

a process as dai mH in any one of daims 1 to 70 
5 or claim 10 or as a by-product of a process 
as daimed in any one of Haims 6 to 8. 

BOULT, WADE & TENNANT. 
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